Health care is a crucial factor in US economic growth, because growing health care costs have made US corporations less competitive than their counterparts in countries where central governments assume most of those costs. In this paper we illustrate a second, possibly more powerful, effect of health care expenditures on the long term pace of US economic growth, i.e., that such investments in aging populations helps preserve human capital to later ages. In addition, as current investment in health care improves health and functional status, the future demand for health care as well as future health care costs will be constrained. These are crucial factors in countries experiencing rapid population aging. US labor force projections do not directly represent the effects of health care investment on the health of the future labor force, and federal health cost projections do not reflect the trajectory of health changes. Health dynamic projections suggest the effects of health care investment are large and growth stimulating. Projections done for the time period used by the Congressional Budget Office in budget mark-ups (2010 -2020) are presented in the supporting information.
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health care reform ͉ health forecasts I mprovement in the health component of human capital (1, 2) in the US population is reflected by increasing years of active life expectancy and improvements in population health and functioning at later ages (3) . This higher quality of health capital improves well-being and increases labor productivity (4) which, viewed through extensions of the standard economic growth model (5) focusing on human capital, indicates an increased growth rate of gross domestic product (GDP).
These dynamics, along with Bureau of Labor Statistics (BLS) projections that the future labor force will have a bigger share of older workers (6) , provide guidance to the allocation of current public stimulus funds and public health investment in the long run. The dynamics and projections suggest that both the number of elders in the labor force will be larger and the quality (productivity) of those elders will be higher than in the past.
Because health capital measures reflecting changes occurring among US elders (e.g., declines in disability) are not currently incorporated in BLS projections those projections are likely biased, as are forecasts of health costs that do not make explicit the effects of health improvements. In this paper, the magnitude of that bias is estimated. This is important because pressure is increasing for fundamental reform of the US health care system because of the recent rate of increases in health care costs in both the private and public sectors. The primary argument made against making such reforms is the perceived cost of expanding and completing the population coverage of the US health care system. This is paradoxical from the perspective of economic growth theory in that the health care sector is one of the few economic activities which experienced growth in the evolving US economy. Problematic is the focus on costs without consideration of both the direct and indirect returns to health care expenditures viewed as investment in human capital and, thereby, as an important stimulus to economic growth. This involves three factors. As there is significant unmet need for health care in the US population, consumer demand is large. Unmet, or inappropriately met, health care needs may coexist with excessive consumption of care in specific population groups. Some persons with high levels of health care consumption may have unmet health needs. Second, new biotechnologies are emerging that can cost-effectively resolve previously untreatable diseases, thereby defining new areas of health care demand that will grow (7). Third, the GDP share of many other economic sectors (e.g., financial services) are contracting because of technological and market change, e.g., creative destruction resulting from scientific and commercial innovation. Thus the US economy emerging from the recent economic downturn will have a different sectoral structure and substance from the one that entered, e.g., the financial services sector will be reduced, whereas sustainable energy production and related manufacturing will grow. Health care will be the sector with the greatest potential for growth because of population aging and the elasticity of demand for health care (8) . Growth of health care costs relative to GDP will be mitigated by the stimulus to GDP growth due to the increased availability of labor for all economic sectors.
In this paper we evaluate arguments about growing health care costs from a perspective that views health care reform as a critical long-term stimulus to growth in the emergent US economy. Such stimulus will operate at both short-and long-term time scales and for which health care growth, within the limits of an evolving inter-sectoral equilibrium, should be viewed positively (8) . It also assumes that increases in the economic share of health care expenditures is both desirable and necessary-so long as new health products are defined, health care productivity increases, and human capital is enhanced (9) .
In the short term, US health care system change requires investing in expanding, and re-engineering, the human capital (e.g., nurses, medical technologists, and doctors) and physical health (hospitals, clinics, medical devices) infrastructure necessary to meet both the demand for more effective health care services in the US population and the needs of the portion of the US population not adequately covered by health insurance and with inadequate financial resources to purchase necessary medical care. These costs are short term, as the greatest new investment will be required to respond to currently unmet and inefficiently met medical needs (e.g., use of emergency rooms for primary care; use of tertiary care instead of screening, early intervention, and prevention). Over the long term, the health care demand function will change, as specific diseases and health conditions will be better controlled by medical innovations being researched and in development.
The long-term stimulus of health care reform will emerge because of increased productivity in the health care system because of a growing impact on human capital, especially at later ages, and because of rapid improvements in biomedical technology that will make many medical responses to specific diseases more effective (7) . One limitation of existing federal projections of future health care costs is that they do not explicitly reflect improvements in health care outcomes resulting from improved biotechnology and clinical responses. Evidence of this is found in recent short-term (10-year) federal health cost projections that systematically overestimated health costs. This is because these projections do not include measures of increased health care productivity or of recent major improvements in population health and functioning at later ages (3) .
There have been large and rapid improvements in health in the US population because of improvements in biomedical research and innovations in technology-even after adjusting for health improvements due to public health innovations and, conservatively, not adjusting for adverse population risk factor trends (e.g., for obesity, diabetes) (10) . Improvements in health have economic stimulating effects and will reduce the rate of increase in per capital medical costs from what it would be if health care productivity were not increasing (10) .
The long-term economic stimulus of health care spending may result by preserving human capital to advanced ages. This is important because increases in GDP are, in federal forecasts, projected to be primarily a function of increases in labor force size and productivity. The problem with relying on increases in the labor force for economic growth is that future population increases in the US are projected to slow. Labor force increases are also projected to slow, from 1.2% per annum in 1996-2006 to 0.8% in 2006-2016. After 2017 the growth rate is projected to fall to 0.3% (6) . This suggests that the US rate of productivity increase must be sustained at 2.9% post-2017 to achieve the 3.2% per annum increase in US GDP assumed in recent federal recovery plans. To achieve this rate of productivity growth involves increasing investment in research which, under economic growth theory is, with the current level of 3% of GDP, at suboptimal levels (11, 12) . Under reasonable assumptions about interest rates, up to 12% of GDP should be invested in research to optimize economic growth rates (12) . This level of research investment is now found in the US only in high-technology industries such as pharmaceuticals and electronics.
Also important are the interactions of research investment and health care innovation. Investment in biomedical research increases human capital growth by improving the quality of human capital at later ages where there is a natural tendency to decline physiologically. Increased investment in biomedical research could, by increasing the quality of human capital at later ages, raise the effective growth rate of the US labor force above 0.3% post-2017 and reduce the rate of increase needed for technological innovation from the historically high 2.9%, implied by current recovery plans (3.2% total). An additional factor is that such innovation increases both GDP (flow) and wealth (stock) (13) . As Medical innovations increase both life expectancy and quality of life, at each age the accumulation of the effects of stimulated growth will increase wealth at a faster rate. This contributes to economic growth by enhancing capital formation and tax revenues through capital gains taxation. It mitigates the anti-growth potential of Social Security and Medicare by reducing the rate of growth of per capita benefit liability by increasing the rate of labor force participation and capital growth at later ages, thereby reducing the economic dependency ratio (14) .
Enhancing long-term investment in biomedical research thus produces a triple benefit. First, new technology generates new products such as the ability to cure previously untreatable medical conditions (7) . Spillover effects could be expected in other economic sectors (e.g., agricultural production of genetically engineered crops and biofuels). Second, increases in health care productivity preserves experienced and skilled human capital to later ages for all economic sectors. This generates labor force growth in all economic sectors by allowing persons at later ages to continue working. By enhancing the growth of other sectors the relative rate of growth of the GDP share consumed by health care will be mitigated. Economic incentives for persons continuing to work, if physically and mentally capable, have recently increased as the value of retirement savings and housing equity has decreased in the US and globally. This will reduce the rate of increase in productivity necessary to sustain a 3.2% rate of GDP growth as increases in the labor force participation rate above age 65 would cause the labor force growth rate to increase beyond 0.3% after 2017. Increases in human capital have the advantage that they will be enhanced by improvements in the quality (e.g., because of education as well as improved mental and physical health), rather than the sheer quantity, of the labor force. Forecasting models that do not reflect the observation of health improvements at later ages are deficient. Third, increases in human capital have the advantage of restricting the rate of medical cost increase. Health care costs are highest in individuals in whom treatments are not effective because of deficient technologies (7) . Costs are restricted, and health status most improved, when individual patients can be rapidly cured by the initial treatment.
Results: Human Capital Effects on US Economic Growth and Tax Revenues
Standard Labor Force Projections. We examine the implications of BLS estimates of labor force growth for general economic growth and future tax revenues. In the BLS model, no explicit consideration is given to health changes (6) . Although health changes are implicitly involved in projections of labor force growth at ages 55ϩ, they are not explicitly represented. Investment, and changes, in health cannot be manipulated in the BLS model, and their implications for health expenditures (e.g., effects of improved population health on health expenditures) are not transparent.
In 1994, federal 10-year projections (15) The initial effects of the 1997 BBA were mitigated by the 1999 Balanced Budget Act Reconciliation (BBAR). Without the BBAR, the discrepancy would have been larger. Much of the discrepancy was caused by robust rates of growth in GDP over this period which, because of intersectoral feedback and spillover, prevented medical technology costs from growing at GDP ϩ 1%. Because of both human capital growth stimulus and robust spillover effects, during periods of rapid economic and technological expansions, it will be difficult for medical innovation costs to grow at GDP ϩ 1%. Long-term declines in the medical care excess cost growth rates are now recognized (16) . That these rates are partly caused by improvements in health are not recognized. Increased human capital production will promote faster GDP growth, slowing the relative growth of the GDP share of health expenditures.
As a counterexample to the federal projections, the average (1994) data for 1989-1999 from the National Long Term Care Surveys (NLTCS) and linked Medicare files was used to project Medicare costs for the elderly in 2004. In these 10-year (1994-2004) projections, disability declines and changes in medical service inflation were represented. This produced a 2004 cost projection of $253 billion. The observed 2004 Medicare costs of $268 billion for persons aged 65ϩ was $15 billion higher than the health adjusted quantity, a relative error of 5.6%. A model reflecting those factors will be presented after first examining the tax revenue implications of the BLS labor force projections, which implicitly reflect health dynamics.
To assess the economic effects of labor force growth rates the effects of adding workers to the US labor force needs to be quantified. The Central Intelligence Agency (CIA) Fact Book estimated per capita GDP (12) was $41,000 in 2004. The total labor force in 2004 was 147 million persons, so the US per worker GDP share in 2004 is $79,280. This does not reflect per worker income but rather is the parameter in the model describing the average economic output for each worker. This is also reflected in our use of 20% as the tax revenue rate for the economic output of each worker. Actuarial assumptions for the tax rate (inclusive of capital gains) typically involve values ranging from 18% to 22%. In 2007 federal revenue was $2.7 trillion with a GDP of $13.8 trillion, roughly a 20% rate. Assuming 3.2% per annum GDP increases, the per worker portion of total GDP in 2006 is $87,028 and in 2008 is $92,847.
The GDP increase resulting from labor force growth in 2008, relative to that in 1998 for persons 65ϩ, was $92,847 ϫ 2.0 million ϭ $186 billion. To estimate the effect on total wealth creation the total economic effect was increased by the amount that current changes in GDP are estimated to increase the accumulation of capital. Murphy and Topel (13) suggested that the wealth generation effect of improved health is 20% of the increase in GDP. With the 20% adjustment, the estimated effect on national wealth is $186 billion ϫ 1.2 ϭ $223 billion. For 2018 and 2028 BLS projected labor force increases of 6.0 and 9.1 million workers relative to 1998. As a consequence we forecast GDP increases of $840 billion in 2018 and $1.9 trillion in 2028 because per worker GDP shares are estimated to be $140,000 in 2018 and $210,000 in 2028. The adjusted increases in wealth are $1.0 trillion in 2018 and $2.3 trillion in 2028. A significant portion of this increase is likely caused by improvements in health. The BLS projections provide no way of estimating the amount.
We examined the effects of health changes on wealth because health improvements have broader implications for economic activities than can be captured in GDP. Wealth is a measure of the stock of economic value generated over time. Because health improvements will tend to lengthen life and the duration of working life, assets may be accumulated from increments to income over increasing numbers of years. Thus, assets reflect capital that can be used in stimulating economic growth that, for individuals, may be reflected in capital gains.
Per annum tax revenues (20%) for the $223 billion increase in wealth in Table 1 are, for 2008, 223 ϫ 20% ϭ $45 billion. In 2018, per annum tax revenue increases are 1008 ϫ 20% ϭ $202 billion, and in 2028, 2,293 ϫ 20% ϭ $459 billion. In the BLS model, no explicit assumptions are made about changes in health expenditures or health. As a consequence, the projected labor force participation rate declines (20.7% to 20.5%) between 2018 and 2028 despite the likelihood of improvements in health care and increases in total and active life expectancy. In the 2008 to 2018 BLS projections labor force participation rates grow at ages 65ϩ as the large World War II baby boom cohorts pass through the 65-to 74-year age category, which has high labor force participation. In the BLS projections, however, as World War II baby boom cohorts pass into the 75 to 84 year (and beyond) age category, the 65ϩ labor force participation rates begin to decline because of lower, labor force participation rates at age 75ϩ. We will show, in the health dynamic model, that the anticipated 20 years of improvement in health and functioning (2008-2028), should allow larger proportions (and numbers) of the World War II baby boom cohorts to continue to work at ages 75ϩ, engendering further increases in labor force participation rates for the age 65ϩ population. This aspect of the BLS projection is problematic because it assumes that labor force participation will be unaffected both by future changes in human health (it implicitly reflects past, slower changes in health) and by changes in labor force participation rates at later ages produced by recent economic dislocations (i.e., wealth destruction at age 65ϩ).
Effects of Health Changes on Human Capital and US Economic Growth.
A limitation of the BLS model is that it does not describe how short-term and long-term investment in health care, and resulting changes in age-specific health patterns, changes labor force participation rates, or the implications of health changes for future health expenditures. Consequently we generalized the BLS model to This suggests ''significant event'' per capita health care costs are declining for the nondisabled population. Total population medical costs are declining even faster because of the rapid growth of this lower (and declining per capita) cost group. This implies health improvements for the nondisabled population (assuming a tendency for health care costs to increase assuming health status is constant) and, consequently, an increase in human capital in the US elderly population.
In estimating the rate of health improvements in the nondisabled population, several data limitations can be taken into account. These limitations involve the fact that there is no trust fund for Medicare Advantage, i.e., Medicare Part C. Thus persons in Medicare Advantage are paid for by Part A and Part B Trust Funds. However, also included in Part C are health maintenance organization (HMO) enrollees who may not be enrolled in Part A ϩ B (i.e., persons in HMOs for less than 12 months may have Part A and B expenditures). Part A and B costs for persons in HMOs less than 12 months may may be used to estimate the expenditure for the year.
Fortunately, we know that both HMOs and Medicare Advantage have much healthier populations than fee-for-service (FFS). HMO per capita costs are Ϸ7-10% greater than FFS (despite their better If the age 65ϩ population is 44 million in 2014 and the nondisabled prevalence is 83.7% for 1.5% DDR, and 84.8% for 2.2% DDR, per capita cost reductions are $3,739 (1.5%) and $4,090 (2.2%) ( Table 2 ). The economic consequence of health improvements in the elderly are not represented in the BLS projections.
For a DDR of 2.05%, we estimate a $4,015 per person per annum cost reduction in 2014. Assuming a 5% medical service consumer price index (CPI) adjustment (6), we have a real expenditure reduction of $2,996 producing a total Medicare cost reduction in 2008 of $91 billion, assuming 36.9 million persons aged 65ϩ of whom 82.5% are nondisabled. In 2018, with 48.7 million elderly, we have, $4,880 ϫ 85.6% ϫ 48.7 million ϭ $203 billion, where $4,880 is the per person Medicare cost reduction for DDR 2.05% and 5% medical CPI (MCPI) adjusted with 85.6% of the population aged 65ϩ nondisabled. In 2028, we have, $7,949 ϫ 88.4% ϫ 64.6 million ϭ $454 billion, where $7,949 is the per person Medicare cost reduction for DDR 2.05% and 5% MCPI adjusted, with 88.4% of the elderly nondisabled. The relationship between the rate of health improvement, ␣, and labor force increases is depicted in Fig. 1, which shows that the growth of the labor force (or derivatively LFPR growth) is sensitive to health improvement costs and the number of years over which health improvement emerges. Investment in effective health care can stimulate economic growth by enhancing human capital production. Fig. 2 , shows that LFPR growth is related to tax revenues. Increasing the LFPR from 20% to 30% yields a per annum increase of $500 billion in wealth and $100 billion in tax revenues. This would pay for currently proposed health care reform packages. The economic benefit of improved health at later ages is large enough that there can be flexibility in the health care reforms adopted so long as the entire population is covered and health care productivity increases.
Tax revenue increases, and Medicare cost reductions, using a health dynamic model, are listed in Table 3 .
Projections based on observed rates of health improvement suggest a faster increase in labor force participation rates than in BLS projections, especially 2018-2028 (Table 1 ). In the work by Toossi, as no specific health changes are assumed, the projections imply the rate of change health is fixed, which, if changes are accelerating, constrains labor force growth at advanced ages. Based on recent data, this is an untenable long-term assumption. The faster rate of increases in tax revenues and reductions in Medicare costs projected in the health dynamic model, compared with BLS estimates, are sufficient to pay for proposed health care reforms.
Alternative LFPR Assumptions. In Table 3 , we examined the economic consequences of health dynamics in the elderly labor force. The increase in the LFPR (23.8% in 2018 and 31.3% in 2028) over that in Toossi (6) (20.7% and 20.5% in 2018 and 2028) are generated by increased labor force participation because of health improvement and its interaction with incentives to work (recent wealth destruction), especially at ages 75-84. In Table 4 , for 2018 and 2028, extreme assumptions are examined regarding economic incentives for continuing labor force activity. For LFPRs of 29.5% and 42.8%, the size and LFPR of the elderly labor force is projected using health dynamic parameter estimates. This is done to examine how improved health amplifies increases in economic incentives to work beyond that assumed in BLS projections, which did not reflect recent wealth destruction. The 2018 health dynamic projection for a base LFPR of 29.5% is 1. 48.7 million ϫ (85.6% Ϫ 78.5%) ϫ 0.295 ϭ 1.02 million. Table 4 ). The BLS projections assuming a 20.7% LFPR in 2018 predicts a LF ϭ 10.1 million (6.0 million new workers) and a tax benefit of $202 billion (Table 1) . It is $561 billion with a 42.8% LFPR base. For 2028, health dynamics imply more economic growth because of increased health capital improvement 2018 to 2028. Improved health 2018 to 2028 increased the LFPR forecast from 42.8% to 65.5%. This suggests historically high LFPR for the 75-to 84-year population group and indicates the importance of health dynamics for 2018-2028.
The model illustrates, in Tables 3 and 4 , the combined effects on LFPR of increased propensity to work and improved health dynamics. Their interaction produces large effects for the base case (20.5% LFPR in 2028 vs. 31.3% with health dynamics) with increased tax revenues of $0.8 trillion and Medicare cost reductions of $456 billion with the total fiscal impact of the health dynamic model $0.8 trillion greater in 2028 than in the BLS model. Assuming a 42.8% fixed LFPR, the net effect is $1.2 trillion greater than the base BLS model (the 20.5% LFPR rate). The assumptions used in the BLS model seem unlikely from both an altered (enhanced) propensity to work at later ages because of changing US economic conditions (e.g., because of recent US wealth destruction, changes in retirement toward defined contribution principles and, most recently, decreased in-migration of labor resulting from a bad economy) and because of improving health dynamics at older ages-an explicit goal of the health care reform act.
In Table 4 , the health dynamic model projects considerably more economic benefit in that an explicit estimate of health cost change is made. Tax revenues increase more rapidly for the health dynamic model 2018-2028 because of improved labor force activity resulting from improved health, enhanced incentives to work, and decreased ЉToossiЉ model: unknown health dynamics (assume no change in health care).
in-migration of labor. The health dynamic model raises the post-2017 labor force growth rate to 0.6% from 0.3%. An additional factor that could be represented is that older workers may be more skilled and educated and therefore have higher per capita productivity. With increases in the LFPR it is an empirical question as to what the average income level of the larger pool of workers will be. Evidence suggests they will be healthy. Healthy older workers (e.g., aged 55-64 and 65-74 years) tend to have higher than average incomes (18) . This is consistent with gerontological research suggesting that persons stay in jobs that they enjoy. If research investment creates jobs in technical positions, tax revenue may be underestimated in that skilled, experienced workers may contribute more to productivity.
Discussion
Recently a major US stimulus package was passed. Part of that package was directed toward providing health care services. Increased provision of health care services has both short-and long-term goals. An important component of the short-term effect is to provide medical services for low-income persons, to preserve employment in the health care sector, and to stimulate provision of physical infrastructure necessary to provide health services for the population. The question remains of how long-term economic growth will be stimulated by investment in health care. Investment in health care, and in education, are factors by which long-term economic growth may be stimulated by increases in the quantity and quality of human capital.
The recovery package assumes the employment rate will return to 95% with the national GDP growth rate returning to 3.2% per annum, which are historically reasonable figures. The mechanisms by which the stimulus generates growth is unclear because the mix of economic activities in the US economy will change; i.e., the bursting of the housing bubble and the collapse of equity markets suggest that other economic sectors will have to expand to generate future growth.
The government could provide health care to the general population with the logic that the costs of supplying health care by US companies reduces competitiveness relative to companies in the same industry in countries where health care is provided by government. We examined interactions of one economic sector, i.e., health care services, with long-term population dynamics that will support growth. Assuming no health improvement, a larger proportion of the US population will pass the normal retirement age of 65 years, with smaller proportions of that growing elderly population able to continue to work with acute and long-term health care service needs increasing. Current US projections of the demand for Medicare and Medicaid benefits suggest such services could consume up to 24% of GDP by 2085-conditions that will make it difficult to achieve the 3.2% growth in GDP assumed by current forecasts.
There are reasons to believe that current health cost, and labor force, projections do not reflect important changes in health and labor force participation that have been occurring since 1985. Specifically, 10-year projections produced in 1995 overestimated the proportion of GDP dedicated to health care by 2% in 2006 (12) . This overestimate is due both to improved productivity of health care services and reductions in inflation adjusted per annum, per capita health costs. Forecasts of Medicare and Social Security costs for the 65ϩ population do not contain direct measures of health (only mortality, health service use, and disability measures based on inability to work). This is a significant deficiency, with the observation of changing health dynamics (3, 19) , in medium-and long-range forecasts.
Recent problems with health cost forecasting emerge from recent rapid rates of economic (GDP) growth and slower rates in medical cost increases up to 2008. Little increase in US Medicare costs as a function of GDP occurred in [2001] [2002] [2003] [2004] [2005] [2006] [2007] . There were other periods of relative stability. In 2009, long-term excess health cost rates were expected to increase at historically slower rateswithout considering underlying health trends (16) .
Increases in health care productivity as biomedical technology improves expenditures made on an universal health care system have the growth stimulating effects of the following: (i) growing as a share of GDP the health care sector; (ii) increased production of health, allowing increases in labor force participation at higher intensities and to later ages to increase future labor force growth past 0.3%; and (iii) reducing demands on Social Security and Medicare programs created by the recent destruction of wealth in the US by allowing elderly persons to work to later ages. Increased expenditures and health care productivity in a universal health care system would then be a crucial mechanism in future long-term economic recovery and growth. It should be evaluated as an investment, not a simple cost-i.e., delaying health care reform will slow future US rates of economic recovery and growth. The health dynamic projections presented suggest this and show that investment in biomedical research, and in the health care system, could not only be self-financing but growth stimulating.
Materials and Methods
We analyzed the six NLTCS conducted during 1982-2005 linked to individual Medicare records for the period 1982-2006. A total of 50,000 individuals are included in the six samples. Individuals are followed longitudinally, with almost 35,000 deaths now recorded. The NLTCS records thus provide detailed data on changes in health and functioning in a large, longitudinally followed sample of Medicare-enrolled persons aged 65ϩ. Data on Medicare expenditures, service use, diagnoses, and vital status are provided in files linked on a continuous time basis to longitudinal survey records of sample members. This linked data file is used to estimate the parameters of a model relating changes in health and functioning to labor force participation and tax revenues. ЉToossiЉ model: unknown health dynamics (assume no change in health care).
